The Marins Granite forms an ellipsoidal body that crops out along the border between São Paulo and Minas Gerais states. It intrudes meta-sedimentary and meta-igneous rocks of Neoproterozoic age, belonging to the Socorro Nappe and Embu Complex, in the interference zone between the Brasilia and Ribeira fold belts. Geochemical analyses indicate a high-K calc-alkaline signature, weakly peraluminous, type I character, poorly differentiated with restricted silica range and similar rare earth element patterns enriched in light rare earth elements. Two lithofacies were defined: (1) Marins facies, predominantly inside the body, isotropic, light gray with inequigranular porphyritic texture containing euhedral to subhedral microcline phenocrysts (< 1 cm), and (2) Mendanha facies, restricted to the border zone of the body, are pinkish with elongated microcline phenocrysts and aligned biotite grains, defining a deformational foliation. Neodymium isotopes point to a crustal signature, revealed by a ε Nd(0.6) : -10.4. T DM ages indicate a paleoproterozoic source. U-Pb LA-ICPMS ages in zircon yielded concordia crystallization ages of 606.9 ± 1.9 Ma for the Mendanha facies and 603.7 ± 4.8 Ma for the Marins facies. These ages are consistent with the interpretation that the Marins Granite is a late to post-collisional body with respect to the collision of the southern Brasília Belt, also reinforced by the location of the granite in the upper plate (Socorro Nappe), a few tens of kilometers away from the suture. The apparent lack of deformation related to collision in the Ribeira Belt (590 -570 Ma), in the Marins facies, after crystallization of the body, is interpreted as the result of its rheological behavior, more resistant to deformation than the surrounding schists, similar to the behavior of a pre-or syntectonic porphyroblast. 
INTRODUCTION
In the Mantiqueira Range, along the border between São Paulo and Minas Gerais states, a porphyritic granite of about 70 km 2 crops out. Pereira et al. (2001) individualized two distinct plutonic bodies, which they called Marins granitoid and Mendanha Granite. New field and petrographic, geochemical, geochronological, and isotopic (Sm-Nd) data allow the presentation of a new geological map in which these two granites are interpreted as two facies of a single body, called Marins Granite.
REGIONAL GEOLOGIC CONTEXT
The area is inserted in the interference zone between the Brasilia and Ribeira belts, south and southwest of the São Francisco Craton (Trouw et al. 2000; Peternel et al. 2005 ; Fig. 1 ). Therefore, the region is characterized by overlapping structures, metamorphism, and igneous intrusions related both to the Brasília and to the Ribeira belts.
In the southern segment of the southern Brasília Belt, from west to east, the Socorro-Guaxupe Nappe, the Andrelândia Nappe System, and the (par)autochthonous São Francisco Craton crop out (Campos Caby 1999, 2000; Campos Neto et al. 2004 , 2010 Trouw et al. 2000; Valeriano et al. 2004 Valeriano et al. , 2008 . A collisional event between the Paranapanema (western upper plate) and the São Francisco (eastern lower plate) paleocontinents resulted in nappe structures exhibiting eastern tectonic transport. The age of this collision was estimated at 650 -605 Ma, becoming younger from north to south (Dardenne 2000; Valeriano et al. 2004 Valeriano et al. , 2008 Campos Neto et al. 2004 , 2010 Trouw, 2008; Reno et al. 2009 Reno et al. , 2012 . In a restricted area within the Socorro Nappe region, at Virginia-MG, the collision was dated at 620 -605 Ma (Trouw 2008) . The Socorro-Guaxupé Nappe is considered the active margin of the Paranapanema paleocontinent, consisting mainly of deformed igneous rocks, interpreted as the root of a magmatic arc with an age of 670 -615 Ma (Campos Neto et al. , 2010 . The metamorphism increases from greenschist facies in the São Francisco Craton margin to high-pressure granulite facies in the upper Andrelândia Nappe System (Trouw et al. 2000; Campos Neto & Caby 1999 , 2000 . Within the Socorro-Guaxupé Nappe, the metamorphism decreases from granulite to amphibolite facies upwards.
The evolution of the Ribeira Belt is correlated to the SE subduction of the São Francisco plate and subsequent collision between the São Francisco paleocontinent and the Rio Negro Magmatic Arc (Heilbron et al. , 2004 (Heilbron et al. , 2008 Heilbron & Machado 2003) . The central segment of the Ribeira Belt was subdivided according to Heilbron et al. (2000 Heilbron et al. ( , 2004 Heilbron et al. ( , 2008 into Occidental Terrane, Oriental Terrane, Cabo Frio Terrane, and Paraíba do Sul Terrane, recording two collisional episodes. The first episode was divided into four tectonic stages. The first stage, pre-collisional, occurred between 630 and 595 Ma (Machado et al. 1996) during SE subduction of the São Francisco paleoplate, producing granitoid plutons of the Rio Negro Magmatic Arc in the upper plate (Tupinambá et al. 1998) . During the second stage, from 595 to 565 Ma (Machado et al. 1996; Heilbron et al. 2004) , oblique collision occurred between these plates, producing tectonic domains with top to NW tectonic transport. The third stage (late collisional) between 565 and 540 Ma (Machado et al. 1996) is recorded by predominantly I-type granitic plutons. The fourth stage (post-collisional) is represented by a compressive phase between 540 and 520 Ma (Machado et al. 1996) .
The Marins Granite is surrounded by meta-sedimentary rocks of the Embu Complex. The Embu Complex (Hasui et al. 1981 ) contains a set of igneous and meta-sedimentary rocks forming a lens-shaped body on the map, limited by faults and located in the central Ribeira belt. Traditionally this complex makes contact with the Socorro Nappe through the Buquira Shear Zone (Hasui et al. 1981) , which separates the southern Brasília Belt from the central Ribeira Belt. Recently this relationship was questioned by interpreting the shear zone as being only of local importance and considering the Embu Complex as a continuation of the Socorro Nappe, containing less Figure 1 . Tectonic map of the transition zone between the southern Brasilia Belt and the central Ribeira Belt (Trouw et al. 2011 pre-collisional magmatic arc granitoids (Trouw et al. 2011) . While the Socorro Nappe is composed mainly of the "root" of the magmatic arc (670 -615 Ma, Campos Neto et al. 2011) embedded in meta-sedimentary rocks (Piracaia and Paraisópolis complexes), the Embu Complex is predominantly composed of pelitic meta-sedimentary rocks (Fernandes 1991) with local occurrences of quartzite, paragneiss, calc-silicate rock, marble, amphibolite, and few ultramafic lenses (talc schist). The reinterpretation mentioned above (Trouw et al. 2011) proposes that the Socorro Nappe and the Embu Complex have a gradational contact within the Paranapanema plate. Evidence in favor of this interpretation is the occurrence of the Serra do Quebra-Cangalha Granite, dated at ca 680 Ma (Janasi et al. 2003) intruding the Embu Complex. The host rocks of the Marins Granite are predominantly paragneisses and schists of the Embu Complex, and locally orthogneisses (Hasui et al. 1981; Fernandes 1991) . The schists contain biotite, muscovite, quartz, plagioclase, garnet, and staurolite (locally); they are intercalated with layered biotite gneisses. Discontinuous layers of amphibolite with centimetric thickness are locally present. Metric layers of calc-silicate rocks occur subordinately. Talc-schist was observed at one locality. The attitude of the regional foliation is about 160/40, trending NE-SW; it is deflected around the Marins Granite.
The Marins Granite is a body of about 70 km 2 with porphyritic sieno to monzogranitic varieties. The shape is slightly ellipsoidal with NE-SW direction of the major axis and it presents concordant and discordant contacts with the host rocks (Fig. 2) . Sills and dikes of the granite are present in the host rocks with thickness of a few centimeters up to several meters (Fig. 3) . The granite sustains a range of mountains more than 2,000 m high, culminating to the east in the Marins Peak (2,421 m) and to the west in the Itaguaré Peak (2,308 m).
PETROGRAPHIC FEATURES
The Marins Granite consists of a hololeucocratic granitic body with color index ranging between 2 and 6% of mafic minerals. It displays a porphyritic texture with phenocrysts of microcline. Two lithofacies were individualized: Marins facies and Mendanha facies.
The prevailing Marins facies is isotropic, light gray, inequigranular porphyritic with euhedral to subhedral microcline phenocrysts of approximately 1 cm (Fig. 4) .
Close to the northeastern edge, subhedral microcline phenocrysts have a preferred orientation, possibly as a result of igneous flow foliation. The Marins facies crops out continuously along the ridge that separates the Marins and Itaguaré peaks. The Mendanha facies is present along the southwestern limit of the body; it is characterized by local deformation resulting in preferred orientation of pinkish deformed phenocrysts of microcline and elongated biotite crystals and quartz ribbons (Fig. 5) as a consequence of the presence of a shear zone in this area.
At one site in the core of the body, a subvertical NE-SW shear zone with centimetric thickness and dextral movement was observed.
At the microscope, the Marins facies is characterized by microcline phenocrysts up to 1 cm in size. Sparse biotite crystals are present in the fine to medium-grained granitic matrix, which consists mainly of quartz, microcline, plagioclase, and biotite. Apatite, sphene, allanite, zircon, and opaque minerals, usually as inclusions in major phases, represent the accessory minerals. Sericite and chlorite are secondary minerals. The quartz grains are up to 1 cm in size with sinuous contacts and locally exhibit undulose extinction and subgrains. The feldspar grains present serrated contacts and show recrystallization features, like recrystallized borders, wavy extinction, and polygonal contacts. Microcline shows typical "tartan" twinning with perthitic lamellae. Crystals of plagioclase (An 35 ) show polysynthetic twinning, antipertite, and present alteration to sericite. The biotite is brown, has serrated contacts, and frequently occurs associated with allanite.
The Mendanha facies has similar mineralogical composition as the Marins facies, but differs by having a fine equigranular matrix, showing clusters of recrystallized microcline (Fig. 6 ). The microcline phenocrysts are elongated and some of them exhibit fractures filled with quartz ( Fig. 7 ). Banded quartz with undulose extinction and reduction of size are evidence of recrystallization.
The petrographic classification was based on the location of the studied samples in the QAP diagram (Fig. 8 ), which deals with both lithofacies. Modal percentages were obtained by point counting of 800 points in each thin section (Tab. 1). The samples are located in the field of monzogranites and along the limit of syenogranites.
LITHOGEOCHEMISTRY
Major and trace elements were measured in the X-ray Fluorescence Laboratory of the Department of Geology, Federal University of Rio de Janeiro, via X-ray fluorescence spectrometer Philips PW2400, with an Rh tube. The loss on ignition was obtained by the weight of the sample before and after heating at 950ºC for half an hour. The major elements were detected by melting 1.2 g of powdered material with lithium tetra borate. The trace elements were determined in 7 g of sample powder, pressed with 1 g of agglutinative wax. The light elements were measured under the following conditions: flow detector, the analyzer crystal PET/Ge and 40 kV -70 mA power tube. The heavy elements were analyzed with a sealed detector, LIF200/LIF220 crystal analyzers, and a 50 kV to 50 mA power tube. Based on analyses of standards, the relative analytical error was estimated: Si, Al (< 1%), Fe, Mg, Ca (1 -2%) Ti, Na, K (3 -5%), and other trace elements (≤ 6%). Calibration curves were obtained from the analyses of the following international standards: NIM-P, 521-84n, GBW07112, GIT-IWG, ANRT, BE-N GIT, PM-S Tab. 2 presents the chemical analyses of major and trace elements, including the rare earth elements. For the normalization of rare earth element (REE), chondrite of Boynton (1984) was used. The analyzed samples present SiO 2 content between 71 and 77% by weight, characterizing a strongly differentiated granite, with a little expanded sequence of acid character. The Marins facies is more evolved than the Mendanha facies, a fact also observed by Pereira et al. (2001) .
Using the QxP diagram of Debon & Le Fort (1983) for classification of plutonic rocks, the samples are located in the granite field (Fig. 9) .
In the AFM diagram (Fig. 10) , proposed by Irvine & Baragar (1971) , samples of the Marins Granite plot in the calc-alkaline field in a sub-parallel array to the AF side of the triangle. In the SiO 2 x K 2 O diagram (Peccerillo & Taylor 1976) , the Marins Granite samples are located mainly in the high-K calc-alkaline field (Fig. 11) . Despite the fact that some samples plot in the shoshonite series field, their geochemical features do not match with the shoshonite parameters defined by Morisson (1980) . The diagrams proposed by Frost et al. (2001) to characterize magmatism show a ferrous character (Fig. 12) and a calc-alkalic to alkali-calcic compositional trend reveals the nature of the magma to be rich in potassium (Fig. 13) . The A/CNK ratios are between 1.0 and 1.1, confirming a weakly peraluminous character (Fig. 14) .
The total content of the rare earth elements is not directly related to variation in SiO 2 content, possibly owing to the fact that highly evolved rocks have similar enrichment in REE accessory minerals. Comparing the SiO 2 concentrations with the REE total, sample PD-112 was found to have the highest concentration of REE. However, this sample presents medium concentrations of SiO 2 , which can be explained by early crystallization of the accessory phases of REE, such as allanite, apatite, sphene, and zircon, since the SiO 2 variation content is small. Note that although the modal counting indicates trace content of accessory minerals, the thin section of sample PD-112 shows an increase in concentration of accessory phases. The pattern of rare earth elements (Fig. 15) shows considerable enrichment in the light rare earth elements ranging from 100 to 500 times chondrite and negative Eu anomaly, suggesting retention of this element in the source or fractionation of plagioclase during magma crystallization. The variation of REE concentrations resulted in a moderately discontinuous pattern, with Ce/Yb( N ) ratios ranging from 10.32 to 64.67.
Using the parameters devised by Chappell & White (1974) for geochemical classification of granite, the Marins Granite samples show typical I-type granite characteristics (A/CNK<1.1; moderate Na 2 O contents for the range of silica and almost linear variation diagrams). Petrographical aspects such as biotite with pleochroism ranging from pale brown to brown and apatite included preferably in biotite are characteristics of I-type granite, as described by Chappell & White (2001) .
Regarding the tectonic environment, the samples are positioned on the diagram R 1 x R 2 (Batchelor & Bowden, 1985) , forming a trend from syn to post-collisional (Fig. 16) .
NEODYMIUM ISOTOPES
Sm-Nd data were obtained for sample PD-21 at the Pará-Iso Isotope Geology Laboratory of the Federal University of Pará (Tab. 3). The results indicate strong fractionation of Sm/Nd, which can be verified by factor 147 Sm/ 144 Nd isotope ratios ranging from 0.09 to 0.125 are common in most granitoids of the South American Platform, corresponding to f Sm/Nd between -0.35 and -0.60 (Sato & Siga 2000) . The isotopic evolution of Nd for the Marins Granite is shown in Fig.  17 . The T DM age of 1.99 Ga indicates a Paleoproterozoic mantle extraction for the granite, a period of significant generation of continental crust (Cordani & Sato 1999) . The value of ε Nd(0.6) is very negative (-10.37), indicating a crustal source for the Marins Granite. 
U-PB ZIRCON GEOCHRONOLOGY
The samples were cleaned with compressed air, crushed, and ground in a disk mill in the Geological Sample Preparation Laboratory (LGPA -UERJ). The heavy minerals were separated by manual panning. After removing the magnetic iron fraction, bromoform separation was carried out and zircon grains were concentrated with a Franz isomagnetic separator. Initially lateral tilting at 10° and frontal slope at 5° were maintained; the amperage was changed to 0.2 A, 0.5 A, 0.75 A, 1.0 A, and 1.5 A. In final Franz, the maximum amperage (1.5 A) with frontal inclination of 5° was maintained, whereas the lateral tilting was changed to 5°, 3°, 1°, and -0.5°, respectively. The zircon grains were selected manually using pincers and a binocular microscope. The grains were glued on a thin section with epoxy resin and polished prior to the isotopic stereomicroscope analyses.
In the geochronology laboratory of Frankfurt University (Goethe Universität Frankfurt), cathodoluminescence images were obtained using an electron microscope (SEM). The U-Th-Pb isotope analyses were performed by LA-ICP-MS using a two-element Thermo-Finnigan coupled to a New Wave Research UP-213 laser system, following the methods detailed in Frei & Gerdes (2009) . The diameter of the laser ranged from 20 to 30 microns, with approximately 15 -20 μm in depth.
Cathodoluminescence images of zircon grains selected in the PD-35 (Marins facies) and PD-112 (Mendanha facies) samples show elongated prismatic shapes with 1x2 ratios between width and length. The grains have well-defined crystal faces, are bi-terminated, and zoned with alternating high and low luminescent domains. Fractures and inclusions were avoided during analysis. Careful study of zircon grains and their zoning, fractures, inclusions, and overgrowth determined the choice of areas for dating the samples (Fig. 18) .
The results yield a concordia age of 607 ± 2 Ma for the Mendanha facies (sample PD-112) and a concordia age of 604 ± 5 Ma for the Marins facies crystallization (sample PD-35; Fig. 19 ). Therefore, considering the error, an age ca. 605 Ma is assumed as the crystallization age of the Marins Granite. Ages between 640 and 740 Ma are interpreted as inherited cores. Tables 4 and 5 
DISCUSSION AND CONCLUSIONS
Integrating petrographic, geochemical, and geochronological data, the Marins Granite shows a calc-alkaline, I-type character. The very negative epsilon Nd indicates that the granite resulted from partial melting of calc-alkaline Paleoproterozoic crust. This partial melting occurred in the upper plate, the region represented by the Socorro Nappe and the Embu Complex, both interpreted as parts of the Paranapanema paleoplate. The body, with crystallization age of ca. 605 Ma, is interpreted as late-collisional with respect to the collision that generated the southern Brasília Belt, dated in this region as 625 -605 Ma (Trouw 2008) . Considering geochronological data of porphyritic calc-alkaline granites of the Central Ribeira Belt, ranging from 585 to 580 Ma, Mendes et al. (2006 Mendes et al. ( , 2007 associate this time span to the syn-collisional event of the Ribeira Belt. Therefore, despite the geochemical similarity, the Marins Granite (605 Ma) is older than the collision of the Ribeira Belt (590 -550 Ma, Heilbron et al. 2004) , different from the suggestion by Pereira et al. (2001) who considered the Marins Granite to be syn-collisional with respect to the Ribeira Belt. Regional mapping around the granite body showed that the region was deformed and metamorphosed by the collisional event of the Ribeira Belt (590 -550 Ma), which is supported by the deformational style with foliation dipping to the SE and reverse faults with NW vergence. Metamorphic ages around 570 Ma were detected in rims of detrital zircon grains in the country rock (Trouw, 2008 and unpublished data) . However, the Marins Granite preserves a characteristic isotropic texture and primary magmatic flow, suggesting that the body remained resistant to these deformational and metamorphic events subsequent to its formation. The deviation of the foliation of the host rocks around the granite and small shear zones with dextral NE-SW direction within the body testify to this regional deformation related to the Ribeira Belt collision. On a microscopic scale, foliation defined by the preferred orientation of mica and its deviation along the contact of larger and stronger feldspar grains are observed in thin sections of the Mendanha lithofacies, which occurs at the edge of the body. The schematic sketch (Fig. 20) shows how the granite may have behaved as a rigid body, similar to a porphyroblast in a schist during the tectonic event of the Ribeira Belt. Thus, this event would have been responsible for the strong foliation deviation around the granitic body, yet without changing its isotropic character.
